A simple field method for spinal cord removal demonstrated in the cheetah (Acinonyx jubatus) Christian Walzer, Anna Kübber-Heiss, Nadia Robert Abstract. Removal of the spinal cord is considered time consuming and difficult. A delay in the necropsy procedure, especially in the central nervous system, can result in significant tissue autolysis and subsequent diagnostic difficulties. In the field, where many necropsies are performed, suitable electric saws are mostly unavailable. A technically simple and rapid method for spinal cord removal, requiring only a straightforward tool, has been devised. No necropsy-induced structural damage has been noted on histopathologic examination.
Within the European Endangered Species Program (EEP) and North American Species Survival Program (SSP) for cheetahs (Acinonyx jubatus), a sharp increase in cases of neurological disease has been noted in past years. 7, 14 In Europe, the predominant central nervous system disease of cheetahs is clinically characterized by an acute onset of hind limb ataxia-paresis in cubs. Diffuse severe demyelination predominantly of the dorsal spinocerebellar and the sulcomarginal tracts causes the clinical disease. Presently, no therapy is available. Euthanasia of cheetah cubs in response to hind limb paresis is the most important limiting factor in the EEP cheetah population growth and the major veterinary concern of the cheetah EEP and European Feline Taxon Advisory Group (TAG).
One factor that hindered the characterization and histopathologic diagnosis of this disease entity was the difficulty in obtaining adequate spinal cord samples. While compliance within the breeding program of performing a standard necropsy and collecting organ samples has greatly increased in the past years, compliance and knowledge concerning necropsy of the nervous system has been deficient. Removal of the spinal cord may be time consuming and difficult. In most zoological institutions and in the field, where many necropsies are performed, suitable electric saws are mostly unavailable. A delay in the necropsy procedure caused by a transfer to a university institute may result in significant tissue autolysis, especially in the central nervous system. 1 In the medical literature, several methods for removing the spinal cord are described. One of the first guidelines for necropsy procedures was published in 1875. In order to access the spinal cord, the removal of the paravertebral muscles and adjacent connective tissue, with subsequent removal of the vertebral processes and arcus, with a bone saw or chisel was suggested. 13 In veterinary pathology, similar methods are described. The various methods do not significantly differ. In 1911, the removal of the vertebral arch in toto from each vertebral body using a chisel was suggested. 12 Twenty-five years later, a dorsal and lateral approach to open the spinal canal with a chisel and saw was advocated. 3 Nearly 100 years later, the removal of the spinal cord is still by and large based on similar laminectomy techniques. In medical literature, a slightly simplified method describes the use of a circular saw at various angles along the spinal cord to remove the vertebral bodies from ventral. 5 The American College of Veterinary Pathologists, in their most recent guidelines, has recommended a similar method. 9 While veterinary necropsy techniques have not changed substantially over the years, notable exceptions are the use of pressurized air and the similar hydraulic ejection of the spinal cord in rats. 4, 6, 11 With few exceptions, the view expressed nearly 100 years ago and echoed by several authors subsequently that ''the removal of the spinal cord is basically a simple procedure but exhausting and time consuming'' still holds true today. 3, 5, 12 To overcome these difficulties, a simple and quick method requiring a simple tool has been devised and implemented. Following standard necropsy procedures and evisceration of the carcass, the brain is removed and transected from the spinal cord at the level of the foramen magnum. The spinal column is separated from the remaining carcass and the para-vertebral soft tissues and muscles are removed. The spinal column is then transected at the level of the intervertebral discs into approximately 15-cm-long segments (Fig. 1) . It is imperative at this stage not to confuse the individual segments in order to preserve an accurate description of the lesion distribution. Individual segments now allow craniocaudal visualization of the spinal cord within the spinal canal. In adult cheetahs, a 250-mm-long, 5-mm-wide, and 1mm-thick sterile, blunt metal blade is carefully inserted laterally to the spinal cord and into the spinal canal (Fig. 2) . The blade is moved dorsally and ventrally within the canal, transecting the segmental nerves. Though not possible in all cases, it should be attempted to separate the dura mater from the epidural attachments in order to remove the spinal cord with the intact dura. Following this circumferential preparation, the spinal cord is grasped at one end with forceps and gently pulled out of the spinal canal while carefully removing persisting attachments (Fig. 3 ). If possible, the spinal cord should be grasped by the dura mater to further reduce the possibility of artifacts. The process is repeated in each segment until the entire spinal cord has been removed. Once removed, the spinal cord can be processed as required for further examination. The fragment of the spinal cord grasped by the forceps is unsuitable for histologic examination. However, this fragment should be frozen for possible viral isolation or biochemical and molecular studies. The cranial aspect of each spinal cord segment is marked with a small incision and placed in 10% buffered formalin. Small, tight-fitting containers, with an adequate volume of formaldehyde, help in avoiding postnecropsy transport trauma to the cord. 9 Special fixatives may be required for subsequent electron microscopy, immunocytochemistry, or in situ hybridization studies. 9 Actual cutting in of the tissue, traditionally transversely at 0.5-2.0-cm intervals, should be carried out after adequate fixation. Initial fixation can be enhanced if the formalin is changed after 24 hours. 5 The nervous tissue in juvenile animals contains more water and fewer lipids than in adult animals and therefore does not fix as well. It has been recommended that, after 1-2 weeks in the fixative, the tissue be immersed in graded alcohol for hardening. 9 Examination of the spinal cord has often not been included in standard necropsy protocols due to technical and time constraints. In recently published veterinary necropsy guidelines, the examination of the spinal cord has been omitted. 2, 15 Similar to others, these authors feel that lesions in the spinal cord have been grossly underdiagnosed in the past due to the failure in performing the adequate procedure. 5, 10 The described method in this report allows for a technically simple removal of the entire spinal cord under field conditions. Though this method can potentially cause artifacts, no necropsy-induced structural damage has been noted in the histopathologic examinations of the cheetahs. The normal morphology of the gray and white matter is preserved. Furthermore, no damage could be observed at the respective entry or exit sites of the dorsal and ventral roots. These findings are similar to those observed when using hydraulic pressure to remove rat spinal cords. 6 Published laminectomy methods bear the inherent risk of traumatizing the spinal cord with the various tools. 3, 8, 9 In contrast with human procedures, where similar laminectomy techniques, with established saw angles and depths, can be used, zoological collections, with their vast range of species, constitute a great variation in vertebral body morphology and spinal canal diameter not amendable to a single laminectomy method. 5 As the described method actually visualizes the spinal cord at removal, it is more adaptable to individual and species variations. The described tool is easily constructed from a flat stainless steel sheet in a simple workshop. In adult cheetahs, the recommended blade is 180-250 mm long, 5 mm wide, and 0.5-1 mm thick (Fig. 4) . Through variations in the size of the blunt-edged blade, this method can be adapted for various species and juvenile animals.
One major disadvantage of this method is that the spinal cord cannot be viewed in toto nor can it be removed in one single segment. This potentially makes the diagnosis of space-limiting lesions (neoplasia, intervertebral hernia) more difficult. It is, however, possible to examine the individual spinal canal segments after removal of the cord, and if a lesion is recognized, it can be matched to the corresponding spinal cord segment. An additional disadvantage of this method is that it is often difficult to remove the dura mater with the spinal cord. This could cause diagnostic problems in cases where pathologic agents or material (exudate, blood) fill the subdural space. In most cases, it is, however, possible to preserve the dura mater over portions of the removed segment. The authors feel that this simple method could facilitate the diagnosis of spinal cord lesions in field situations since specialized electrical tools are not required. Inclusion of necropsy procedures for the nervous system in standard wildlife protocols is vitally important to our understanding of neurologic diseases.
